We compared the absorption of BioZn, SO 4 Fe (reference standard) and SO 4 Zn (reference standard) alone or in combination in water and in an infant dessert. When mineral interactions were evaluated, zinc and iron were administered in a 1:1 molar relation. There 160 rats divided in 16 groups of 10 animals each which received: SO 4 65 Zn, Bio 65 Zn, SO 4 65 Zn + SO 4 Fe, Bio 65 Zn + SFE-171, SO 4 59 Fe, 59 SFE-171, SO 4 59 Fe + SO 4 Zn and 59 SFE-171 + BioZn either in water or an infant dessert. The results showed that BioZn has bioavailability similar to SO 4 Zn both in water (23.36 ± 3.14% vs. 21.48 ± 6.03%. respectively) and in an infant dessert (19.89 ± 3.27% vs. 18.31 ± 4.76%, respectively). When these zinc compounds were administered with iron no statistical difference of zinc absorption was found (Bio 65 Zn + SFE-171 in water 22.70 ± 6.30%, Bio 65 Zn + SFE-171 in the infant dessert 18.07 ± 5.89%, SO 4 65 Zn + SO 4 Fe in water 24.67 ± 5.70% and SO 4 65 Zn + SO 4 Fe in the infant dessert 20.56 ± 5.20%). For iron, the absorption of 59 SFE-171 in water was higher (p < .01) than SO 4 59 Fe in water and 59 respectively). Iron absorption from SO 4 59 Fe in water was higher (p < .01) than SO 4 59 Fe + SO 4 Zn in water (26.27 ± 8.83% vs. 20.21 ± 8.72%, respectively). Iron absorption in the infant dessert was higher (p < .01) for 59 Fe, 59 respectively). Statistical differences (p < .01) were found between iron absorption from 59 respectively) and for SO 4 59 Fe (26.27 ± 8.83% vs. 16.12 ± 6.14% respectively). Zinc and iron interactions evaluated in a 1:1 molar relation of the minerals were observed only for iron absorption in water but not in infant dessert. No negative effect was found for zinc absorption neither in water nor in infant dessert.
Introduction
There is a high incidence of iron and zinc deficiencies in the the world [1] [2] [3] [4] [5] . The interactions between trace elements are primarily antagonistic. Thus, it is expected that when two chemically similar ions are present in the intestinal lumen the one having molar excess will tend to exclude the other [6, 7] . In terms of dietary intake, recommendations for iron and zinc are on the same order of magnitude. However, preparations of nutrient supplements generally provide iron in much higher amounts than zinc. Therefore, the interference of iron on zinc absorption is predominantly observed [8, 9] . Many studies showed that high concentrations of iron can have a negative effect on zinc absorption when zinc and iron are given in a water solution. However, when they are given in a meal such an effect is not observed, possibly because in this case zinc can be absorbed via an alternative pathway with the aid of ligands formed during digestion [10, 11] . On the other hand, studies should be carried out to define the amounts to be used for fortifying foods with iron and zinc and to find the optimal ratio to avoid antagonistic interactions between them. Many authors recommend the addition of iron and zinc in a 1:1 molar ratio [6, 12] . We determined the zinc and iron interactions of different mineral sources when they were given in water or in an infant dessert.
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Materials and methods
Animals
We used 160 female inbred 3-month old Sprague-Dawley rats. The rats were distributed in 16 groups. Each group of animals was maintained in stainless steel cages of 315 mm by 445 mm and 240 mm high with a stainless steel grated floor and collection trays of the same material, thus preventing the feces from coming in contact with the animals. They had free access to water and were nourished with a standard diet (Nutrimentos Diet N° 3, Nutrimentos, Buenos Aires, Argentina). The animals were maintained with cycles of 12 hours of light and 12 hours of darkness throughout the experiment.
Administration of the products
Each iron and zinc compound was intrinsically labeled with 59 Fe and 65 Zn, respectively (NEN, Du Pont, Nemours and Co., Wilmington, Del., USA, catalogue NEZ-037 and NEZ-109, respectively). BioZn is zinc gluconate stabilized with glycine [13] and SFE-171 is ferrous sulfate microencapsulated with phospholipids [14] . The animals were food-deprived for 12 hours before the administration of the preparations. 4 Zn and 59 SFE-171 + BioZn either in water or in an infant dessert. The products were administered through a syringe coupled to a plastic gastric catheter, which allowed the standardization of the intake volume to 1 ml. The animals were again given food four hours after the product intake. The iron and zinc doses were 73 and 85 µg/kg, respectively (1:1 molar ratio). The infant dessert contained carbohydrates 16.4 g / 100 g, lipids 2.3 g / 100 g, proteins 3.4 g / 100 g, calcium 124 mg / 100 g, vitamin A 359 IU / 100 g, vitamin D 62 IU/ 100 g, folic acid 15.6 µg / 100 g, vitamin B12 0.36 µg / 100 g, and additives.
Absorption studies
We measured the activity retained by each rat as a function of time by a gamma spectrometer with a 5 cm by 5 cm NaI (Tl) well crystal in optimal electronic conditions (Alfanuclear, model ZX, Buenos Aires, Argentina). All the animals were measured every day for 10 days.
To determine zinc or iron absorption, the 65 Zn or 59 Fe radioactivity retained by each rat was measured using a whole-body geometry introducing the animal in a covered lucite box, adapted to the size of the animal and to the detector geometry. We determined the zinc or iron retention percentage for each rat as a function of time. The zinc or iron absorption values were determined by the extrapolation of the final portion of the retention curve to the initial time (t = 0) by means of a linear regression analysis of the experimental data in order to correct the data for physical radioisotopic decay and physiological elimination.
Statistical analysis
The data are presented as mean ± SD. The results were evaluated by a two-way analysis of variance (ANOVA). To test the differences among the means we used the Tokey method considering statistically significant the probability levels < .01 [15] .
Results
Zinc from BioZn had a similar absorption to SO 4 Zn both in water (23.36 ± 3.14% vs. 21.48 ± 6.03%, respectively) and in the infant dessert (19.89 ± 3.27% vs. 18.31 ± 4.76%, respectively) ( fig. 1 ). When these zinc compounds were administered with iron, no statistical difference of zinc absorption was found (BioZn + SFE-171 in water 22.70 ± 6.30%, BioZn + SFE-171 in the infant dessert 18.07 ± 5.89%, SO 4 Zn + SO 4 Fe in water 24.67 ± 5.70% and SO 4 Zn + SO 4 Fe in the infant dessert 20.56 ± 5.20%). Figure 2 shows that iron absorption from SFE-171 
Discussion
Fortification and supplementation of foods with zinc and iron are effective strategies, but when using iron and zinc together one of the ions may inhibit the absorption of the other [6] . Two principally different types of trace element interactions can occur in a biological system [6] . When trace elements share the same absorption pathway, a high concentration of one element may interfere with the absorption of the others [16, 17] . In the second type of interaction, the deficiency of one element can affect the metabolism of another element [18] . In the case of food fortification or supplementation the first type of interaction is the most important to be considered; nevertheless, the second type of interaction should also to be taken into account.
It is known that iron and zinc do not form similar coordination complexes in aqueous solutions, and it is believed that they do not compete directly for the same absorptive sites; however, in specific circumstances this interaction takes place. Therefore, we evaluated the iron-zinc interactions when they were administered in water or in an infant dessert.
In figure 1 , we see the values of zinc absorption and the effect of iron on zinc absorption when they were administered in water or in an infant dessert. Zinc from BioZn has similar absorption to SO 4 Zn both in water and the infant dessert, demonstrating that the nutritional matrix does not affect the zinc absorption for both compounds. When SO 4 Zn and BioZn were administered with iron as SO 4 Fe and SFE-171 in the infant dessert or in water, no statistical differences on zinc absorption were found, demonstrating that in these experimental conditions no negative interaction on zinc absorption was detected. Nevertheless, the principal advantage between both zinc compounds is that BioZn does not produce any modification of the sensorial properties of the fortified food.
In figure 2 , we see the results of iron absorption and the effect of zinc on it. In water, the iron absorption from SO 4 Fe was higher than from SO 4 Fe + SO 4 Zn and the iron absorption from SFE-171 was also higher than from SFE-171 + BioZn. These results show that in our experimental conditions zinc interfered with iron absorption in both cases. Nevertheless iron absorption from SFE-171 + BioZn did not differ significantly from the absorption of the reference standard (SO 4 Fe).
For the infant dessert, iron absorption was lower for each iron compound in water demonstrating that the nutritional matrix produces a negative effect on iron absorption. Nevertheless, iron absorption from SFE-171 + BioZn was significantly higher than SO 4 Fe, SO 4 Fe + SO 4 Zn and SFE-171. This result can be explained if we consider that BioZn contains gluconate and glycine in a molar ratio 2:2:1 with regard to iron. In gastric conditions these compounds can interact with iron through a weak ligand effect, protecting it from the inhibitory effect of the nutritional matrix and improving iron absorption [19, 20] . Iron absorption from SO 4 Fe + SO 4 Zn was similar to that from the reference standard (SO 4 Fe), demonstrating that in infant dessert zinc has no negative interaction on iron absorption.
Under our experimental conditions, iron had no negative effect on zinc absorption either in water or in an infant dessert. We observed a negative interaction of zinc on iron absorption in water, however, had no negative effect on iron absorption in the infant dessert.
